To investigate whether improvements in cardiovascular risk factors, as observed in energy-balance conditions after exchanging carbohydrates (CHO) for monounsaturated (MUFA) fats, are also observed in energy-restricted conditions. DESIGN: Longitudinal, clinical intervention study using two types of energy-restricted diets (À30% of initial energy intake) with similar levels of saturated and polyunsaturated fats: a high CHO diet (55% of energy from CHOs, 10% from MUFAs) and a high MUFA diet (40% of energy from CHOs, 25% from MUFAs). SUBJECTS: A total of 32 overweight subjects (nine males, 23 females, BMI: 26-45 kg/m 2 ). MEASUREMENTS: Body weight, serum lipids, fasting plasma insulin and phospholipid fatty acid composition of red blood cells were measured at baseline and after 8 weeks. Various oxidative status parameters (plasma lipid hydroperoxides, total plasma antioxidant capacity, plasma uric acid and vitamin E) and serum-induced smooth muscular cell (SMC) proliferation were also measured at these time points. RESULTS: Weight loss (1.1 kg/week over the first 4 weeks and 6.7 kg at week 8) was not significantly affected by the diet composition. Both diets reduced significantly total serum cholesterol, but the MUFA-rich diet showed better effects on fasting serum triacylglycerol (TG) than the CHO-rich diet: 1.18 vs 1.51 mmol/l for the MUFA-rich diet (after vs before, Po0.05) and 1.42 vs 1.62 for the CHO-rich diet. After 8 weeks, plasma vitamin E concentrations were positively associated with the oleic acid level of red blood cell phospholipids and showed opposite variations in both diets (increase with the MUFA-rich diet and decrease with the CHO-rich diet). Relative changes in SMC proliferation induced by sera were negatively associated with the ratio oleic:linoleic acid of red blood cell phospholipids and were significantly higher with the CHO-rich diet. CONCLUSIONS: The MUFA-rich diet showed better effects on serum TG than the CHO-rich diet, even with energy restriction and weight loss. The results suggest also a protective effect of oleic acid on oxidative stress and SMC proliferation, two other important cardiovascular risk factors.
Introduction
Obesity is frequently associated with a cluster of metabolic disorders such as lipid abnormalities and increased oxidative stress, both being considered as cardiovascular risk factors.
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Weight reduction results usually in improved metabolic profiles and constitutes the main goal of therapy in obesity. Furthermore, a suppressive effect of dietary restriction and weight loss on lipid peroxidation has been recently demonstrated in obese patients. 3 Although these objectives can be achieved with energy restriction alone, 3,4 the diet composition may play an important role by potentiating 5 or counteracting these metabolic improvements. The current consensus calls for reduction in consumption of saturated fat (SFAs). Which nutrients should take their place 6 is a matter of controversy since high carbohydrate (HCHO) diets can increase plasma triacylglycerol (TG) concentrations, low-fat diets can decrease plasma HDL and high intakes in polyunsaturated oils (PUFAs) can increase lipid peroxidation. According to the recommendations of the American Association for Diabetes (ADA), 60-70% of the daily total energy intake should be partitioned between carbohydrates (CHOs) and monounsaturated fats (MUFAs) depending on patients' preferences and nutritional goals. The Jerusalem Study 7 has
shown that in these conditions, replacement of CHOs by MUFAs, in energy balance states, improved both the plasma lipid profile and the susceptibility of LDL to oxidative stress. Whether these effects are observed during active weight loss is unknown. We report here results of dietary manipulations in which MUFAS were substituted for CHOs, the percentages of saturated fatty acids (SFAs) and PUFAs being maintained constant during energy-restriction dietary conditions.
Subjects and methods

Subjects
A total of 52 subjects with a body mass index (BMI, kg/m 2 ) 425 were recruited from the outpatient clinic of the Metabolic Disease Department at the University Hospital of Montpellier, after their informed consent had been obtained. None of the subjects had diabetes, renal or hepatic diseases or were taking medication likely to affect lipid metabolism. In all, 18 subjects withdrew (nine during the high carbohydrate diet and nine during the high MUFA diet) because for personal or professional reasons they were unable or unwilling to continue the protocol up to the last visit. Two were excluded from the study because they had intercurrent disease. In all, 32 subjects (nine males and 23 females) completed the dietary intervention study. The study was conducted in accordance with the 1964 Declaration of Helsinski.
Study design
Subjects were randomly fed two types of hypocaloric diet (À30% of initial energy intake) for a total of 8 weeks: a HCHO diet (55% of energy from CHOs, 25% from fats, 10% from MUFAs) and a high monounsaturated fat (HUF) diet (40% of energy from CHOs, 40% from fats, 25% from MUFAs). Both diets were similar regarding proteins (20% of energy), saturated and polyunsaturated fats (7.5% of energy). The sum of calories provided by CHOs and MUFAs was 65% of total daily energy. Exercise was not prescribed in order to avoid any bias in the interpretation of the results. Weight was measured at weeks 0, 4 and 8. Fasting blood samples were taken at week 0 and at the end of the study design for determination of the following parameters: serum lipids (TG and total and HDL cholesterol), plasma glucose and insulin concentrations and plasma markers of oxidative status. Phospholipid fatty acid composition of red blood cell membranes and serum-induced smooth muscle cell (SMC) proliferation were also estimated at these time points. Bioelectrical impedance analysis (BIA 101/S, RJL systems, Detroit, MI, USA) was used for the determination of fat-free mass (FFM), fat mass (FM) and resting energy expenditure before and after dietary intervention. Baseline characteristics of subjects are shown in Table 1 . There was no statistical difference between the two groups at baseline except for fasting glucose which was higher in the HCHO group (Po0.05). (19: 1 by vol). The methyl esters were extracted twice with hexane and analysed by gas-liquid chromatography, using a Fisons GC 8000 chromatograph and a CP-sil 88 capillary column (50 m Â 0.32 mm ID, 0.2 mm). The conditions were as follows: ionization detector, 2201C; injector, 2201C and oven programme: initial temperature 100, 100 to 1601C with a 41C/ min slope, 160-2101C with a 21C/min slope then 2101C during 15 min. Helium was used as the carrier gas with a gas flow of 1 ml/min. Quantitative analysis was achieved with reference to the internal standard by using a logiciel chromcard. Values were expressed as a percentage of total fatty acids.
Oxidative status was evaluated by measuring plasma lipid hydroperoxides, total plasma antioxidant capacity and both a lipid (vitamin E) and a water (uric acid) soluble plasma antioxidant. Vitamin E was measured by HPLC, using a reversed-phase C18 and an isocratic elution with methanol. 18 Uric acid was measured by the uricase method (Orthoclinical Diagnostic, Issy-les-Moulineaux, France).
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Plasma lipid hydroperoxides were measured using a colorimetric procedure that allows for selective measurement of lipid hydroperoxides in the presence of hydrogen peroxide. 20 This procedure called also FOX2 measures the oxidation of ferrous iron to ferric iron by hydroperoxides with quantitation of ferric iron by complexation with xylenol orange dye and detection of the resulting chromophore at 560 nm. The difference between plasma samples treated by
MUFAs effects in energy-restricted diet C Colette et al triphenylphosphine to selectively reduce hydroperoxides and untreated plasma is a measure of the authentic lipid hydroperoxides, provided standard conditions are observed. Plasma antioxidant capacity was estimated from its ferric reducing ability (FRAP) where development of an intense blue colour resulting from the conversion of a Fe(III)-2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) complex to Fe(II)-TPTZ is directly related to the amount of reductant present. 21 Nonuric acid FRAP values were calculated by subtracting the contribution of uric acid (measured concentrations of uric acid in mmol/l Â 2) from total antioxidant capacity.
Smooth muscle cell culture SMC proliferation was measured on serum stored at À801C until analysis. Samples from the same subjects (before and after the intervention study) were tested in the same analytical run. Aortic smooth muscle cells were isolated from male Wistar rats as previously described. 22 Cells were incubated in DMEM/F-10 (Eurobio, France) supplemented with 10% foetal calf serum, 2 mmol/l L-glutamine, 25 mmol/l HEPES, 100 U/ ml penicillin, 100 mg/ml streptomycin at 371C in a humidified atmosphere of 5% CO 2 /95% air. Cells were identified as smooth muscle by the presence of a-smooth muscle actin. At confluence, the cells were detached with trypsin-EDTA and subcultured. Cells from passages three to six were used in this study. For experiments, cells were seeded in 24-well plates at 40 Â 10 3 cells/well. After 24 h, cells were incubated in serum-free medium containing insulin (1 mmol/l, Sigma) transferrin (200 mg/ml, Sigma), ascorbate (0.2 mmol/l, Sigma), and sodium selenite (6.25 ng/ml, Sigma) for 48 h to synchronize them at the G 0 stage. Then, cells were replaced in medium containing serum (5%) from the study subjects. Media were changed once. After 5 days, cells were harvested with trypsin-EDTA, fixed in 4% formalin and counted in a Coulter counter (Epics XL, France).
Statistical analysis
Data are expressed as mean7s.e.m. Vitamin E (mmol/l) was normalized to plasma TG and total cholesterol concentrations (mmol/l). In each group, data were compared at baseline and after the dietary intervention period using the t-test for paired data. Student's t-test for unpaired data was used for comparison between the two groups. The data were also analysed to detect end point changes with diet using analysis of covariance with baseline value and suitable parameters as covariates, followed by a Bonferroni's test when necessary. Multiple regression models were also used to explore which variables could be predictors of key variables and to adjust for covariates. Pearson's correlation coefficients were calculated to assess associations between continuously distributed variables. Independent associations between each of the phospholipid fatty acids of red blood cells and plasma vitamin E concentrations were investigated by multiple regression analysis according to the mathematical model of Aitchison and Bacon-Shone. 23 In this model, the partial association between a dependent variable and a particular proportion is assessed by maintaining constant the subcomposition from which the particular proportion is removed. Analyses were performed with the STATVIEW statistical package (Version 5) for Macintosh (programs from SAS Institute, Cary, NC, USA).
Results
Compliance with the diet Table 2 shows a single-day food intake of each type of diet. Sample menus described in this table are one of the seven menus that were rotated over the 8-week intervention period for a 7.6 MJ/day energy level. Satisfactory energy intakes were reported although slightly lower than prescribed. Dietary intakes (Table 3) showed that the percentages of energy derived from total fats, from CHOs and from MUFAs were significantly different (Po0.0001) between diet groups. Phospholipid fatty acid composition of erythrocyte membrane is shown in Table 4 . At baseline, there were no significant differences between the groups except for palmitoleic acid levels which were higher in the HCHO group (Po0.05) than in the HUF group. After the HUF diet, oleic acid level increased significantly with a significant increase in the ratio of oleic-to-linoleic acid. Inversely, a significant decrease in oleic acid was observed after the HCHO diet. As a result, oleic acid levels were significantly different between the two groups at week 8 (Po0.05). The sum of the main SFAs remained unchanged in both groups.
In the HUF group, the significant increase in palmitic acid levels at week 8 was compensated by an equivalent decrease in stearic acid. However, the causes and the consequences of this change in the balance between the two main saturated fatty acids remain difficult to explain although it cannot be excluded that the dietary supplementation with oleic acid might interfere with the elongation of palmitic-to-stearic acid, the rate-limiting step in the saturated fatty acid pathway 24 or with the differential release of saturated fats from adipose tissue during weight losses. 25 Weight loss. Weight loss was À4.470.6 kg at week 4, and À6.770.7 kg at week 8 for a mean initial body weight of 9573 kg. There was no statistically significant difference between diet groups whatever the time point after adjustment for initial body weight. FM loss per unit of weight loss was 0.70, indicating that weight loss was achieved approximately for 2/3 at the expense of FM and for the remaining 1/ 3 at the expense of lean mass, including muscle and water. This ratio was not affected by the diet composition. At the end of the dietary period, there was a significant reduction in waist circumference (Po0.0001) whatever the diet group or the sex. WHR was diminished in women only ( p ¼ 0.026).
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Lipid and glucose metabolism . In the 32 subjects taken as a whole, dieting resulted in significant decreases in total cholesterol, LDL and HDL cholesterol, fasting TG and insulin concentrations (À5070.12, À0.3170.10, À0.0770.03, À0.2670.10 mmol/l and À3.0070.80 mU/l, respectively, Po0.05). None of the observed variations was found to be dependent on the diet composition after adjustment for baseline values and weight loss (ANCOVA). The response of serum lipids, plasma glucose and plasma insulin concentrations to the dietary manipulations are shown in Table 1 for both groups. At week 8, the HUF group manifested a strong decrease in fasting TG concentrations (À0.3370.15 mmol/l) reaching statitistical significance while the HCHO group (À0.2070.14) did not. Total cholesterol concentrations were significantly diminished in both groups, but HDL-cholesterol concentrations only fell with the HUF diet and remained unchanged in the HCHO group. Fasting insulin concentrations were significantly decreased in both groups. Fasting glucose concentrations were diminished in the HUF group that had higher baseline values than the HCHO group.
Oxidative status. No change was observed in plasma marker concentrations of oxidative status at the end of the dietary intervention, in the 32 subjects taken as a whole. Strong correlations were observed after dieting only between fasting plasma insulin concentrations and non-uric acid FRAP values (r ¼ À0.488, P ¼ 0.0055) or plasma lipid hydroperoxide concentrations (r ¼ 0.424, P ¼ 0.0188). These associations remained statistically significant after adjustment for age, BMI and TG in multiple regression analysis (Table 5 ). Plasma marker concentrations of oxidative status according to the diet group are summarized in Table 6 . No significant difference was found between the two groups both at baseline and after the study, except for normalized vitamin E plasma concentrations which were higher in the HUF group (P ¼ 0.030) after the intervention. By using the multiple regression analysis with normalized vitamin E at week 8 as dependent variable and transformed fatty acids of red blood cell phospholipids as independent variables, oleic acid was positively associated to plasma vitamin E (r ¼ 0.41, P ¼ 0.035) and was its only predictor after adjustment for age and baseline value. Furthermore, diet composition significantly affected changes in normalized vitamin E which were negative after HCHO diet and positive after HUF diet (P ¼ 0.0072 after adjustment for baseline value) (Figure 1) . SMC proliferation. Compared to baseline, proliferation increased significantly after the HCHO diet (+8.974.5%, P ¼ 0.024) but remained unchanged after the HUF diet (Figure 2 ). Relative changes in SMC proliferation (%) were negatively correlated to changes in HDL cholesterol (r ¼ À0.37, P ¼ 0.042). In regression model, changes in SMC proliferation were negatively associated with changes in the ratio of oleic-to-linoleic acid independently of changes in HDL cholesterol (Table 7) .
Discussion
The objective of the present investigation was to elucidate the effect of dietary MUFAs on weight loss, serum lipid concentrations, fasting plasma insulin concentrations, antioxidant status and serum-induced SMC proliferation in MUFAs effects in energy-restricted diet C Colette et al overweight subjects, during a short period (8 weeks) of active weight loss. The present results indicate that reduction in energy intake had the same effect on body weight loss when MUFAs fats were substituted for CHOs without changing the concentrations of SFAs and PUFAs. Absence of the effect of macronutrient content of energy-restricted diets on weight loss have also been reported in short-term weight-loss trials. [26] [27] [28] [29] [30] Concerning serum lipids, the major finding was that the HUF diet showed better effects on fasting TG than the HCHO diet. Additive effects of the reduction in both energy and carbohydrate intakes can easily explain this finding which was in the direction observed in both energy-balance 31 and energy-restriction studies. 5, 26, 32 However, fibre intake and exercice have also strong beneficial effects on fasting TG concentrations. In this study, both weight loss and fibre intakes were comparable in the two diets and lifestyle remained unchanged since no changes in physical activity were prescribed. Therefore, it is suggested that the MUFAdiet per se had better effects on fasting TG concentrations than the HCHO diet, even in energy-restriction conditions. The content in fruits and vegetables (g/1000 kcal) was 364724 for the HCHO diet and 407722 for the HUF diet. Fibre intake was 10 g/1000 kcal in both groups. 
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Several studies 33 show that CHO-rich diets can influence both production and removal of plasma VLDL-TG, depending on experimental conditions. Delayed lipolysis of VLDL because of the competition for the site of lipoprotein lipase between VLDLs from hepatic origin and chylomicrons from instestinal origin could lead to the formation of triacyglycerol-rich lipoprotein (TRL) remnants whose final composition is modulated by the cholesterol ester transfer protein (CETP). Like IDL and LDL, both chylomicron remnants and VLDL remnants are considered atherogenic. These results suggest that MUFA-enriched diets should be preferred to carbohydrate-enriched diets in obese patients with high concentrations of TG since such diets could enhance the beneficial effect of weight loss to decrease serum TG and ameliorate cardiovascular risk factors in the long term. 32 It must, however, be noted that during this 8 week active weight loss period, the HUF diet did not result in any sparing effect on HDL cholesterol that was slightly diminished at week 8, while it remained unchanged with the HCHO diet. This observation can be explained by higher baseline levels in the HUF group and by the strong correlation observed between changes in HDL cholesterol and baseline concentration (r ¼ À0.64, Po0.0001) in our study. 34 Oxidative status appears to be significantly associated with a number of major cardiovascular risk factors, most of them being associated with abnormalities in glucose and insulin metabolism.
1,2 In our population of obese nondiabetic subjects, we observed that total plasma concentrations of lipid hydroperoxides increased while plasma antioxidant capacity decreased in those patients who exhibit increasing fasting insulin concentrations. Although this finding agrees with the recent observation that total lipid peroxidation is increased in insulin-resistant individuals at an early stage, 35 it is not clear why both concentrations of lipoperoxides and FRAP remained unchanged after weight loss since plasma insulin concentrations fell significantly in all subjects. Furthermore, plasma lipoperoxide concentrations were not found to be affected by the diet composition while protective effects of MUFA-enriched diets on LDL oxidation have been reported. 32, 36 In fact, in these previous studies, the protective effect of MUFA-enriched diets was judged on LDL oxidative susceptibility, that is an indirect measure of oxidative stress, whereas the measurement of lipoperoxides MUFAs effects in energy-restricted diet C Colette et al is a direct measure of oxidative stress. Divergence between oxidative susceptibility and such a direct measure as urinary F2-isoprostanes have been recently highlighted. 37 Thus, results can differ according to the tests used for measuring oxidative stress, each exploring different aspects of the peroxidation process. The design of the study (duration and dietary restriction level) should also be taken into consideration. The suppressive effect of dietary restriction and/or weight loss on lipid peroxidation as observed by Dandona et al 3 might result from a greater restriction in energy intake (obese subjects with BMI 32.5-64.4 kg/m 2 were fed a 1000 kcal diet, ie were submitted to a drastic reduction in energy intake) compared with the 30% reduction used in our trial. However, the higher concentrations of plasma vitamin E as observed in the HUF group and the fact that oleic acid from red blood cell phospholipids was a predictor of plasma vitamin E concentration suggest that oxidative stress could be diminished with MUFA-enriched diets. The susceptibility of LDL particles to oxidation is not only determined by concentrations of such antioxidants as betacarotene or alpha-tocopherol but also by the ratio of oleic-tolinoleic acid. 38 An increase in this ratio, as found in the phospholipids of erythrocyte membrane in the HUF group, could diminish vitamin E requirement in lipoproteins and suggests that changes in dietary fats may interfere with the individual's vitamine E status, in relation with oxidative status. Another possibility is that phenolic antioxidants, for instance tyrosol derivatives from virgin olive oil used in this study, could have some sparing effect on plasma vitamin E. Some of these compounds have been shown in vitro to protect LDL against oxidation 39 or to reduce reactive oxygen species production by mononuclear cells. 40 Both weight loss and dietary fat composition may influence SMC proliferation, an important event in the development of atherosclerosis. Mata et al 36 have shown that MUFA-enriched diets reduced DNA synthesis in SMCs, but they did not measure cell proliferation. Our results showed clearly, for the first time, that the response of serum-induced cell proliferation to weight loss was dependent on the diet composition: the MUFA-enriched diet prevented the increase in proliferation as observed in the HCHO diet. Furthermore, changes in SMC proliferation were negatively associated to changes in the ratio of oleic-to-linoleic acid independently of changes in HDL cholesterol. However, increased proliferation in the HCHO diet was unexpected. Improvements in lipid and glucose metabolism should have diminished the susceptibility to proliferation, given that HDL, an antagonist of oxidized LDL in atherosclerosis, 41 did not decrease after dieting in this group. We suggest that changes in oleic acid level or in the ratio of oleic-to-linoleic acid as observed in erythrocyte membrane phospholipids, occurred probably in plasma lipoproteins and could have a strong regulatory effect on SMC proliferation.
In conclusion, we showed that during this 8-week weight loss trial, the 30% reduction in energy intake through MUFAs or CHOs had the same effect on weight loss, serum cholesterol and fasting insulin. However, even in these energy restriction conditions, the MUFA-rich diet had better effects on serum TG concentrations than the CHO-rich diet, suggesting that MUFA-rich diets could have long-term cardiovascular benefits. Furthermore, changes in plasma vitamin E concentration and serum-induced SMC proliferation were consistent with a protective effect of oleic acid on oxidative status and SMC proliferation, that is on the cardiovascular risk. Thus, combining weight loss and reduction in saturated fat up to a realistic percentage of 10% as achieved in this study, leaves the possibility of modulating the partitioning between CHO and MUFA according to patients' preference, metabolic profile and nutritional goal, but MUFA intakes should remain high enough especially in patients with hypertriacylglycerolemia. proliferation (%) after 8 weeks of energy restriction (À30% of initial energy intake) with two different diets: HCHO ( ) high carbohydrate diet (n ¼ 15); and HUF ( ), high monounsaturated fat diet (n ¼ 17). There was a significant difference between diet groups after adjustment for age, sex and changes in HDL and LDL cholesterol. MUFAs effects in energy-restricted diet C Colette et al
